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Selectable 31/2 -—5'/2 | Self-test checks Electronic Calibration 
digit resolution analog & digital eliminates all internal 
| circuitry adjustments for 
easier calibration 











nnn. 
Introduction 

Overview __ | | 

The HP 3468A Multimeter brings the power 





Selecting the number of digits displayed gives 

















and flexibility of automated measurements to your you the right combination of resolution, accuracy, 

| bench with the Hewlett-Packard Interface Loop and noise rejection for your application. The 
(HP-IL)*. HP-IL provides a simple means of interfac- 3468A's autoranging allows fast measurements over 
ing instruments and controllers for bench automa- a wide range of signals. The alphanumeric liquid 
tion or portable field testing. The 3468A is fully pro- crystal display provides measurement units and user 

| grammable via this 2-wire serial interface using the messages as part of the reading for easy-to-read, 
HP 41C/CV handheld controllers or the HP 85A unambiguous answers. 
ie ae ane oer Pe fee Calibration is simplified by eliminating all inter- 
Tene ae eee a nal adjustments. Just connect the calibration stand- 
Re) Its by S verdraned nas pea ard to the 3468A and store calibration constants in 

ee Sel aes eet nonvolatile memory. You can use the front panel 
statistical analysis on data. keys to manually store the constants or calibrate 

The 3468A provides selectable 3%2—5'2 digit automatically with HP-IL. Complete calibration 

resolution for measuring dc volts, RMS ac volts, without removing the covers lowers your cost of 
2-and 4-wire ohms, and de and ac current. The ownership. 






3468A can make precise de and ac voltage 

measurements with | y»V sensitivity, measure 

| resistance to 30 MQ, and accurately perform RMS 

acV tests to 100 kHz. Optional rechargeable bat- *HP-IL (Hewlett-Packard Interface Loop): HP’s new serial 
teries provide portability. interface designed for small, low cost battery operable systems. 














Operating Characteristics 


| The operating characteristics of the 3468A are capabilities of the 3468A without reading several 
given in Table 1. You will probably find that this pages of specifications. The complete Table of 
table answers most of your questions about the Specifications for the 3468A is given in Section IV. 


Table 1. 3468A Operating Characteristics 


Operation | 








Introduction 


This section describes how measurements are 
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| easily made with the 3468A. Operating information Turn-on and Self-Test 4 
is organized by subject, as listed below, to provide Voltage Measurements 4 
sanswers to most questions about the 3468A. Each Resistance Measurements 5 
subject also contains the HP-IL command codes to Current Measurements 6 
implement that subject. Detailed HP-IL program- Triggering 7 
ming information and example programs for the HP Display 7 
| 41C/CV are provided in Section Ill. For additional in- Ranging 8 
formation regarding 3468A operation or service, Auto Zero 8 
refer to the 3468A Operator’s Manual (HP Part No. Calibration 8 





03468-90000) or 3468A Service Manual (HP Part 
No. 03468-90001). 








Turn-on and Self-Test 


At turn-on, the 3468A performs a self-test of may also be used at any time to verify proper opera- 
its circuitry. tion of the 3468A. A self-test will first turn on all 
the elements of the liquid crystal display (LCD). 





The 3468A is then configured for: 
Function: DC Volts 


The self-test then checks the digital and A/D 
Ranging: Autorange 


Display: 5% Digits converter circuitry, providing the same "SELF- 

Tri as internal Trigger TEST” display as during turn-on. If any part of the 
Kale Tere: On g self-test should fail, an error message on the display 
will indicate which part of the instrument needs at- 
Wee tention. For more information regarding self-test 

TS messages, please refer to the 3468A Service 
Self-Test fF || Manual. 


The Self-Test function that occurs at turn-on 


Voltage Measurements 


You can use the 3468A to measure dec and 
RMS ac voltage with up to 1 pV sensitivity. The DC Voltage Measurements | 
|3468A provides noise rejection for quiet readings 
during de voltage measurements in the 414 and 51% 
digit display modes. Considerations for optimizing 
accuracy, resolution and noise rejection are dis- 
cussed in the Display Section. 












DC voltages measured on the 3468A are sim- 
ple and straightforward. Press the DC Voltage key 
and either select the appropriate range or allow the 
multimeter to autorange. Read the display directly 
(no multiplying the reading by the range, etc.) for 
the measured voltage. 


iL] COMMAND 
| Fl Selects the DC Volts mode 











AC RMS Voltge Measurements 2 SENSE INPUT 


(4 WIRE) (2 WIRE) 


Like dc voltage measurements, ac measure- HI 
ments are very straightforward. Press the AC 
Voltage key and appropriate range key(s). The 
display is read directly for the measured voltage. 





DC OR AC 
VOLTAGE 


The 3468A uses a True RMS ac to dc con- a SOURCE 
verter for ac voltage and current measurements. L 
3 
M 


Unlike an average ac detector, the True RMS ac 
converter allows accurate measurement of voltages 2 
that are noisy, distorted, or non-sinusoidal, such as AY 


square and triangle waves, sawtooths and pulse | 
qt g Pp ALL TERM 
MAX 


COMMAND aA ecay 
F2 Selects the AC Volts mode FUSE 





Figure 1. Voltage Measurements 


Resistance Measurements 


The 3468A can measure resistance to 30 MQ of lead resistance, and the 3468A measures only 
with up to 1 mf sensitivity. Resistance measure- the voltage across the unknown resistance, not 
ments may be made in either 2-wire or 4-wire across the combination of unknown plus test leads. 


(Kelvin) ohms configuration. Resistance in excess of | Four-wire resistance measurements are required for 
30 MQ may be measured using the extended ohms highest accuracy or when long leads are used. 
mode, under remote control only (see "Example 
Application Programs” in Section III). COMMAND 
Z| F4 Selects 4-Wire Ohms mode 
6 How Resistance is Measured 


The 3468A measures resistance by sourcing a 


ther Consi tions 
known, precise current through the unknown Other Considerati 


resistance. A dc voltage measurement is made 1. Always use the shortest possible test leads. 
across the resistance, and the value of resistance is This IS important on the lower ranges to 
| calculated and displayed by the 3468A. Figure 2 Le Oe eors due to lead resistance 
shows the connections for both 2-wire and 4-wire (2-wire ohms mode), and on the higher 
ohms measurements. ranges to minimize noise pickup. 
2. The current flowing through the unknown 

Wir 2 WIRE] resistance will cause some self-heating of 

2 Wire Ohing the unknown. The power dissipated will be 


equal to I?R: thus, low values of current 


The 2-wire ohms mode is used most commonly minimize self-heating and any resistance 


for convenience or when the resistance of the test changes caused by the self-heating. If 
leads is not critical. Inaccurate results may be ob- desired, you can lower the current by 

|} tained when using the 2-wire ohms mode if the upranging the 3468A (see Table 2). 
resistance of the test leads is large relative to that of 
the unknown. This is because the 3468A measures 
the total resistance between its terminals, including 
the test lead resistance. Examples of this include 

| measurements with long test leads or measurements 
of very low resistance (a few ohms or less). 


COMMAND 
F3 Selects 2-Wire Ohms mode 


. 4-Wire Ohms 


However, this will also decrease the resolu- 
tion of your measurement. 


Table 2. Currents Through Unknown Resistance 





The use of 4-wire ohms measurements 3. Additional settling time may be required 
eliminates errors caused by test lead resistance. The when using the higher ohms ranges under 
current through the unknown is constant regardless program control. This is important if there is 








more than 200 pF of external capacitance lf a short was previously applied (short to 
in parallel with the unknown resistance. 3.0 MQ = step) and a .001% reading is 












Theorectically, the settling time necessary is: desired, the settling time necessary is: 

— KC«In(P/100), — (3*10°)*(1200+ 470)«(107 '2) 

where R is the resistance being measured, C «(In(.001/100)) = 58 msec 

is equal to 470 pF plus any external 

capacitance, and P is the desired percentage since on the 3 MQ range there is an internal 
| of step accuracy. For example, say we want delay of 20 msec, an additional delay of 38 

to measure a 3.0 MQ resistor with 1200 pF to 40 msec should be allowed. The 30 MQ 

of shunt capacitance (High-to-Lo terminals). range has an internal delay of 200 msec. 

















SENSE INPUT 
(4 WIRE] (2 WIRE) 


1 SENSE INPUT 
(4 WIRE) (2 WIRE] 
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3A/250V 
FUSE 


3A/250V 
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Figure 2. Resistance Measurements 


Current Measurements 





The 3468A can measure dc or True RMS ac 
currents up to 3 amps. The current function is pro- 2 SENSE INPUT 
tected by a 3 amp, 250V fuse. Figure 3 shows cur- (4 WIRE) (2 WIRE) 
rent measurement connections and the internal cur- 
rent shunt and fuse used in the 3468A. The 
unknown current flowing through the internal cur- 
rent shunt produces a voltage which the 3468A 
measures. 


DC Current =a | ; * 
: : R* shunt =. 102 


The DC Amps key puts the 3468A into the dc ~ DC OR AC 
current measuring mode. DC current measurements CURRENT 


are made on the 3 amp range. ALL TERM ) | SOURCE 
+500Vpk : 


7 MAX 
AC Current 
3A/250V 


FUSE 


Measuring ac current is identical to de current 
except that the AC Amps key is used to select the 
measurement function. Measurements may be made 
on the 300mA or 3.0A range. 


COMMANDS 
F5 Selects DC Current mode 


F6 Selects AC Current mode 


*Internal to the 3468A 


Figure 3. Current Measurements 








Triggerinc 


Triggering is simply the process that causes the 
3468A to take a reading. 


: IN 
Internal Trigger pie 
In the internal trigger mode the 3468A triggers 
| itself to take readings at the maximum possible rate. 
This mode is automatically selected at instrument 
turn-on and after performing self-test. A settling 
delay has been added before each A/D conversion 
in ac volts and ac current, and for the two highest 
ohms ranges to ensure accurate readings. 


COMMAND 
T1 Selects the Internal Trigger mode 


i ‘Tiaqqer| SGL 
single Trigger 


The single trigger mode allows you to manually 
trigger the multimeter from its front panel. The first 


Display 


The 3468A’s display provides readings with 
selectable 342—5' digit resolution. Measurement 
units (VDC, VAC, KOHM, etc.) are displayed with 
the reading. Messages may also be displayed with 

| the 12 character alphanumeric liquid crystal display 
(LCD). 





| Number of Displayed Digits 

Selecting the number of digits displayed also 
controls the integration time of the 3468A’s A/D 
converter. Thus, the number of digits displayed con- 
trols resolution, accuracy, noise rejection and 
measurement speed. 


This puts the 3468A into the 3'/2 
digit display mode. This mode 
has the fastest reading rate but 
the lowest resolution and no nor- 
mal mode rejection. The integra- 
tion time in this mode is 0.1 
power line cycle. 





This is the 4¥2 digit display 
mode. This mode provides 59 dB 
of normal mode rejection with an 
integration time of 1 power line 
cycle (16.66 msec at 60 Hz, 20 
msec at 5O Hz). 












time you press the Single Trigger key the 3468A 
will take one reading, display the results, and go to 
the single trigger mode. Subsequently, each time 
the key is pressed the multimeter will make one 
reading, display the result, and then wait for another 
trigger. 


When the 3468A is in the Single Trigger mode 
and you change range or function, the left-hand por- 
tion of the display will blank (with the exception of 
the decimal point) until another trigger impulse is 
received. 











COMMAND 
T2 Selects the Single Trigger mode 















The 5'2 digit display mode pro- 
vides the greatest resolution and 
noise rejection. In this mode, 10 
readings are taken, each with 1 
power line cycle integration time, 
and averaged together. This pro- 
vides 80 dB of normal mode re- 
jection, 

















Displayed Messages 


The 3468A will display messages indicating the 
HP-IL address, user errors, self-test failures and 
calibration status (see 3468A’s Operator’s Manual). 
Clser generated messages of up to 12 alphanumeric 
characters may also be displayed using the "D2” 
HP-IL command. Examples could include status 
prompts such as “TEST PASSED” or readings in 
the desired units such as "257.8 DEG C"”. To 
display a message such as "NEXT TEST”, simply 
send the following command to the 3468A: 

“DP INE AL TEESE. 


COMMANDS 
N3 Selects 3/2 digit display 
N4 Selects 4/2 digit display 


N5 Selects 5'2 digit display 
D1 Selects normal readings display 
D2 User generated message mode. 
(D2XXXXXXXXXXXX places the 
message" XXXXXXXXXXXX”" on 
the display). 























Ranging 


The 3468A provides a choice of automatic or 
manual ranging on all functions. 


The AGTO/MAN key alternates 
the 3468A between the autorang- 
ing and manual ranging modes. A 
display annunciator indicates 
when the 3468A is in the manual 
ranging mode. 


The 3468A may be manually 
[ao] upranged or downranged using 
: these keys. If the 3468A is in the 
autoranging mode, pressing either 
of these keys will cause the 
3468A to change range and go 


into the manual ranging mode. 


Auto Zero 





The Auto Zero key allows the user to selectively 
enable or disable the internal zeroing technique 
used in the 3468A. Enabling auto zero ensures the 
user that any offset errors generated internal to the 
3468A are continuously nulled with each reading. 
This provides maximum accuracy. The thermal 
stability of the measurement environment is the 
most important factor in deciding whether or not to 
turn auto zero off. By simply keeping the temper- 


Calibration 
| The 3468A employs Electronic Calibration to 
eliminate all internal adjustments. Calibration simply 
involves connecting a few standards to the 3468A 
and letting the 3468A store calibration factors in its 
nonvolatile memory. The front panel keys are used 
to store these factors during a manual calibration. 
The 3468A also may be automatically calibrated via 
HP-IL. Complete information on the calibration pro- 
cedure may be found in the 3468A Service Manual 
(Part No. 03468-90001). 








COMMANDS 
RA selects autorange mode 
R1i-—R6 Selects individual manual 
ranges (see Table 3). 


Table 3. 3468A Ranging 


Range and Range Code_ 


ae - . | 





ature of the 3468A constant, you can turn auto 
zero off without significant adverse effects. A 
change of function or range is always accompanied 
by an auto zero update, even if auto zero is turned 
off. The 3468A input circuitry remains in a com- 
pletely static state with auto zero off. This is useful 
when making measurements in extremely high im- 
pedance circuits where the internal switching tran- 
sients of the 3468A may affect the reading ac- 
curacy. 


| COMMANDS 
ZO Turns Auto Zero off 


“#1 Turns Auto Zero on 


The CAL key and the CAL 
ENABLE switch (on the rear 

panel) are used only during 
calibration. The calibration mode 
should remain disabled to prevent 
loss of calibration. 


iL] COMMAND 
Zt) C Calibrate 
(see the 3468A Service Manual) 





Remote Programming With 
the HP 41C/CV Handheld Calculator 


_Introduction 


The 3468A is fully programmable via the around the loop (one direction only). If the infoma- 
Hewlett-Packard Interface Loop (HP-IL). It can tion is not intended for a particular device, that 
receive commands to initiate and contro! device simply passes the information on to the next 
| measurements, and can send readings to the con- device in the loop. When the proper device receives 
troller, The controller can also interrogate the status __ the information, that device responds as directed. 
of the 3468A to determine when a measurement 
has been completed, when an error has occurred, or 


when the operator has manually flagged the con- When installin sees 
7 | ones stalling or removing the 3468A (or any 
| troller from the 3468A front panel. other device), ALWAYS turn off the calculator first. 


The 3468A can be combined with the HP Then simply disconnect the loop mn ENS place and 
41C/CV handheld calculator and other HP-IL Oe ere eae a eee ace 
devices, such as printers and cassette tape drives, to °?2.©% mt Se ge ee eee a oo 
| provide an automated measurement system. You nectols ale oars ie SDSS Pree ooo 

can measure and analyze performance during a test and indicate the direction of information transfer. 
and then store, print, or plot the results. This discussion of remote programming should 
be used in conjunction with the operating informa- 

The Hewlett-Packard Interface Loop (HP-IL) is a _ tion provided in Section II. Programs are for the HP 
2-wire serial interface for control of instruments and 41C/CV handheld calculators. More information on 
other devices. HP-IL systems provide easy automa- programming and HP-IL may be found in the Model 
tion of bench measurements and portable field 41C/CV Owner's Handbook and Programming 
testing. The controller and all the devices in the Guide (HP Part No. 00041-90313), and in the 
system are connected in series, forming a con- Model 82160A HP-IL Module Owner’s Manual (HP 
tinuous loop communications circuit. Any informa- Part No. 82160-90001). A complete list of 3468A 
tion (instructions or data) that is transferred among HP-IL commands is provided at the end of this sec- 
HP-IL devices is passed from one device to the next __ tion. 











The 3468A may be connected anywhere in the 
interface loop, which may contain up to 30 devices. | 






















Sending Commands to the 3468A 


You can send commands to the 3468A to can be sent to it. The following HP-IL control opera- 
select the measurement function, range, or resolu- tions define when you need to "SELECT" a device 
tion; trigger a reading; or interrogate the status of and how the selection is accomplished. 
the 3468A. These instructions are sent via the 
HP-IL command codes listed at the end of this sec- AQTOIO 


tion. The AUTOIO mode allows commands unique 





















; ; to a device in the loop to be sent to that device, 
Device Selection (Addressing) regardless of which device has been "SELECTED". 
When the 41C/CV calculator is turned on, it will For many applications, the AUTOIO mode 

automatically assign an address to each device eliminates the need to "SELECT", or address, each 
depending on its position in the loop. The first device before sending commands to it. As an exam- 
device in the loop after the calculator (in the direc- ple, suppose you wanted to put the 3468A into the 
tion of information flow) will have an address of ac volts mode by sending the "F2" command. If no | 
"|". The second device will have an address of other device in the loop (such as a printer or tape 

| “2”, and so on around the loop. The calculator has _ cassette drive) could respond to the "F2" com- 
an address of "O". This means that the 41C/CV will mand, then it would not matter which device was 
automatically change the address of the 3468A selected when the "F2" command was sent. All 
from 22 (factory preset address) to a number cor- devices except the 3468A would ignore the "F2": 

| responding to the 3468A’s location in the loop. only the 3468A would respond to it. 






(The 3468A must be turned on before the 41C/CV 

is turned on for the automatic addressing to occur.) 
In general, a device must be “SELECTED” by 

| its loop address before any command or information 






The AUTOIO mode is implemented with the 
following 41C/CV keystroke sequence. 


AUTOIO 







MANIO 

The MANIO mode requires each device to be 
"SELECTED", or addressed, before a command is 
sent to that device, regardless of whether any other 
loop device could respond to that command. 


41C/CV Command: 
MANIO [ALPHA | 


SELECT 


The SELECT command determines which loop 
device is the selected device, i.e., which device will 
receive the commands. If the loop is in the AUTOIO 
mode and if the selected device cannot respond to 
the transmitted command, the command is passed 
on around the loop until it reaches a device that can 
respond to it. The x register of the 41C/CV must 
contain the loop address of the device to be 
selected before SELECT is executed. 


4A1C/CV Command: 
XEQ][ALPHA] SELECT [ALPHA 


FINDID 


The FINDID (FIND IDentity) function searches 
for a device with a specific identity and determines 
the loop address of that device. The device identity 
is placed in the Alpha register of the 41C/CV 
calculator before FINDID is executed. For the 
3468A the identity is: "HP3468A". The decimal 
address of the device is returned to the x register of 


| the 41C/CV. 


4]C/CV Command: 
ALPHA] HP3468A [ALPHA 
| XEQ ][ALPHA] FINDID [ALPHA 


Procedure 


The first step in sending a command to the 
3468A is to put the 3468A into the REMOTE 
mode. 


41C/CV Command: 
[XEQ][ALPHA] REMOTE [ALPHA 


Then simply decide what you want the 3468A 
to do and select the appropriate HP-IL command 


codes. For example, the command code for dc volts 
is Fl, the code for the 3V range is R2, and single 
| trigger is selected by T2. Triggering the 3468A for 


a single dc volts measurement on the 3V range is 
accomplished with the following keystrokes on the 
HP 41C/CV. 


1. Put the command codes into the 41C/CV's 
ALPHA register. 


[ALPHA] F1 R2 12 [ALPHA] 


2. Output the contents of the ALPHA register 
to the 3468A using the OUTA command: 


OUTA 


If you had more than one 3468A in the loop or 


| if the loop was in the MANIO mode, the 3468A 


would need to be SELECTED before the message 
transmission (see the discussion on " Device Selec- 
tion (Addressing)” above). 


More than one command may be sent to the 
3468A at a time. Commands are implemented in 
the order they are received over HP-IL. Thus, in the 
above message, the 3468A would go to dc volts 
first, then go to the 3V range, then would trigger 
once. 


some Other Examples: 


ALPHA] F3 RA N3 12 (ALPHA 


single Trigger 
32 Digit Display 
Autorange 
2-Wire Ohms 


F2 R3.N5 TI 


— Internal Trigger 
5'/2 Digit Display 
30V Range 

AC Volts 








Each of these groups of commands would be fol- 
lowed by ALPHA] OUTA |ALPHA| on the 
A1C/CV. 


You can assign the OUTput Alpha function to a 
single key on the 41C/CV, eliminating the need to 


key in[XEQ][ALPHA] OUTA [ALPHAleach time 


you send a command. To assign this function to the 


key, just do this: 





ASN 
2 OUTA 


(shift) 


Then to output the ALPHA register, just put the 
41C/CV into USER mode and press the assigned 


key: 


Programming Hints 

When more than one command is sent to the 
3468A in one string, the commands are executed in 
the order they arrive. Therefore, it is best to make 
the trigger statement the last statement in the string, 
so the 3468A will be set up for the measurement 
before it is triggered. If you send the command 
"“T2T1", the Tl command is the last one received 
and will be in effect. 


Instructions sent to the 3468A are in the form 
of 7-bit ASCII characters. All lower case letters, 
Spaces, commas, semicolons and Carriage Return, 
Line Feed (CR, LF) are ignored. They may be used 
to format commands for easy readability. All null 
characters, Form Feed, and tab characters result in 
a syntax error. All other characters and sequences 
not explicitly allowed (see the Command Codes) will 
also result in a syntax error. 


10 





Receiving Data From the 3468A 


The 3468A has the ability to talk to the HP 

|} 41C/CV, giving the results of measurements or 
status information. We previously saw how to make 
the voltmeter go to the dc volts function, 3V range, 
| and take one reading. Now we will see how to read 
back the measured voltage into the 41C/CV. The 
complete sequence of commands would be: 


REMOTE 
F1 R2 T2 [ALPHA] 
OUTA [ALPHA 








([XEQ] [ALPHA] IND 


The IND (INput Decimal) command reads the 
measurement from the selected device and places it 


Talk Only Mode 


Some applications of the 3468A, such as a 
| simple data logger, may require that the multimeter 
take readings and output them to some device such 
as a printer, without the aid of a controller. The 
3468A’'s Talk Only mode allows this type of 


operation. 


Connect the 3468A to an HP Model 82162A 
| Thermal Printer with two HP-IL cables. (The 41C/CV 
_ is not to be connected in the loop). The 3468A is 

set to the Talk Only mode by setting switch number 








Instrument Status 


You can determine the status of the 3468A by 
interrogating it with the 41C/CV and the INSTAT 
function. The INSTAT (INput STATus) function 
causes the 3468A (or the selected device) to output 
| its eight bit Status Byte. A decimal value is placed 
into the x register of the calculator. This value is the 
sum of the values of the bits that are set among the 
lower six bits. The entire eight bits are also trans- 
ferred to user Flags OO through O07 in the 41C/CV 
calculator, with status byte bit O placed in Flag OO, 
| bit 1 in Flag O1, etc. This allows testing of individual 

bits (Flags). 


| The INSTAT function is executed by the follow- 
} ing 41C/CV command: 


/XEQ|[ALPHA] INSTAT [ALPHA 


Status Register and Status Byte 


| The Status Register in the 3468A continuously 

monitors seven conditions within the multimeter. 
The figure below illustrates the Status Register and 
defines each bit. A bit is set when its corresponding 
condition occurs. 


The Status Byte is an eight bit byte that may be 
used to determine the current status of the 3468A. 
The Status Byte is output from the Status Register 
in response to the INSTAT command. 














the display. 


1, on the rear pane 





into the x register of the 41C/CV. The reading is 
then ready to be processed or operated on by the 
calculator. 


Output Format 


Readings are sent by the 3468A as 13 bytes in 

the following formats: 
Voltmeter Reading: +d.dddddE + d CR LF 
Overload: +9.99999E + 9 CRLF 


The character "d" represents a single digit. If 
the 3468A is in the 4 digit display mode, the last 
digit returned before the E will be a O. In the 3% 
digit mode, the last two digits will be O’s. CR LF is a 
standard end-of-line indicator and does not show in 





|, to the up position. The 
82162A printer is set to the Listen Only mode by 
holding both PRINT and PAPER ADVANCE keys 
down while turning the printer on. 


Measurement data is sent by the multimeter to 
the printer after each completed reading. Functions 
and range settings, auto zero, etc., are set from the 
front panel of the 3468A. The multimeter can be 
put in the single trigger mode and will output 
readings only when triggered. 





Bit 7 of the register will be set only if switch 3 
(rear panel of the 3468A) is set to the "UP” posi- 
tion and a power-on reset occurs. It is cleared when 
the INSTAT message is sent to the 3468A. 


rr ie 


Bit 6 of the register will be set (a ) when 
the 3468A SRQ Mask has been set for certain bits 
from bits O through 5, and when the corresponding 
conditions occur. 


Bit 6 is cleared when the condition for re- 
questing service no longer exists. 


Bit 5 will be true when an attempted calibration 
fails. The bit is cleared when INSTAT is executed. 


Bit 4 is true when the 3468A front panel SRQ 
key is pressed. The bit is cleared when INSTAT is 
executed. 


Bit 3 is true when a hardware error is detected, 
such as from the self-test. It is cleared when the 
Binary Status is read (the Bl command code). 


Bit 2 will be true when an invalid command is 
sent to the 3468A. It is cleared when INSTAT is ex- 
ecuted. 








Bit 1 is true if an invalid combination of func- 
tion and range codes are sent to the 3468A, e.g., 


| F2R5. It is cleared when a valid range and function 
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combination is selected. 

Bit O is set true each time the 3468A com- 
pletes a reading. This bit is cleared when the 
reading is read into the 41C/CV with the IND com- 
mand, when a trigger command is received by the 
3468A, or when a program command is executed. 
Example: Data Ready 

The data ready bit (bit O in the status register) 
of the 3468A allows the calculator to determine 
when a new measurement is ready. Since the data 
ready bit is bit O, it will be placed into the calcu- 
lator's Flag OO when the INSTAT command is ex- 
ecuted. Therefore, Flag OO will be the flag tested to 
see if data is ready. Before trying the following ex- 
ample, make certain that the 3468A is in the Single 
Trigger mode. 


When the 3468A was placed in the Single Trig- 
ger mode, it took one reading and stored it internal- 


Example Application Programs 
The following programs illustrate some of the 
measurements you can make with the 3468A in an 
HP-IL system using the HP 41C/CV handheld 
calculator. Program listings are from the HP 
82162A Thermal Printer. The programs may be 
entered manually using the 41C/CV keyboard, or 
may be read in bar code form with the HP 82153A 
Wand. 
Notes 


The initialization ("INI68") and building block 
("BLOCKS") programs must be entered into the 
41C/CV before running any of the other application 
programs. 

Be sure that each program has an END state- 
ment as the last line of the program. This will pre- 
vent accidental erasure of programs by subsequently 
entered programs. The END statement is entered on 
the 41C/CV with the following keystrokes: 

GTO 
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gram Name). ALPHA]. 


ly. When the first INSTAT command was executed, 
the calculator display showed a "1". This was 
because bit O of the 3468A Status Register was set 
due to the measurement data being ready. When 
Flag OO was tested (FS? OO), it was set and the 
calculator displayed "YES". 

With the IND command, the measurement data 
was sent to the calculator and, since the 3468A was 
in the Single Trigger mode, no new measurements 
were taken. Therefore, no new data became 
available and bit O in the Status Register is clear. 
This is evident by the second INSTAT command 
returning a “OQ” and the test for Flag OO being 
Pi NO” ; 

Example: Front Panel SRQ@ 

The Front Panel SRQ key on the 3468A can 
be used to flag the 41C/CV calculator. As in the 
previous example, we'll use the INSTAT and Flag 
test commands except that we will test Flag 04. 
Flag O4 represents bit 4 in the Status Register. 
Before beginning this example, make sure that the 
3468A is set to the internal trigger mode. 


After the 3468A front panel SRQ key was 
pressed, bit 4 in the Status Register was set. Conse- 
quently, when the INSTAT command was executed, 
Flag O4 was set. 


lfan “END” is not entered, the 41C/CV will 
automatically insert an ",.END,.” statement. 
However, the ".END.” will not prevent accidental 
program erasure when another program is entered; 
only the “END” statement will. 


Using the Wand to Read Bar Code Programs 


The programs that follow may be easily entered 
into the 41C/CV by using the HP 82153A Wand to 
read Bar Codes. Simply plug the wand into the 
41C/CV, press the scan switch and scan across each 
row of bar code. Scan from left to right, starting with 
row | for each program. Each row of bar code also 
has a notation, such as (1:3) or (4:7), that indicates 
which program lines are contained in that row of bar 


code. The [GTO] [*][*] bar code characters should 


also be entered at the end of the program to provide 
an "END” statement. After the complete program 


is entered, run it by executing [XEQ]f ALPHA | (Pro- 


















Initialization 
The following program locates the 3468A in 


the loop (finds its address), selects it to receive infor- 


mation, and puts the 3468A into the REMOTE 
mode. This program should be executed before any 
other command or program is executed. This in- 


| Initialization Fregran 


41C/CV v Keystrokes — 


| Ob LBLTINGs |. 


_AICEV Display | Listing 


itialization program need only be executed once 
unless a device is turned off or the loop is broken to 
insert or remove a device. The 82160A HP-IL 
module must be inserted in the calculator before 
entering the program. 


Hinrcea aie {8 : “IH N06 e o 


ole o : Be REMOTE 


| The initialization program has now been entered. If 
you have not yet connected the 3468A into the 
loop, do so now. Remember to turn the 41C/CV 
calculator off before connecting the 3468A. The in- 
itialization program will not be lost in the calculator 
with power turned off. 


Running the Program 
To run the initialization program, press: 


INI68 


The calculator display will return with the HP-IL ad- 
dress of the 3468A. In addition, the RMT 

(REMOTE) annunciator will turn on to indicate that 
the 3468A is ready to accept commands from the 


INI68 


PROGRAM REGISTERS NEEDED: 5 





Note: Line 03 clears flag number 1/7. This flag controls how the 
HP-IL interface module uses the standard end-of-line indicator—a 
Carriage Return (CR) and Line Feed (LF). For most devices, this 
end-of-line indicator is normally used, and flag 17 should be 
cleared. 


calculator. Let's go one step further and assign this 
program to the calculator £}+ key. This will make 
execution of the program easier in the es 


8B (ASN][ALPHA] INI68 [ALPHA 
Now, when you need to execute the ae 
program, put the calculator in the (USER) mode and 
press the [E+] key. 
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Building Block Programming 


One approach to program writing uses 
“Building Block" subprograms to simplify pro- 


grams. With this approach, you write a mainline pro- 


gram that uses subprograms that already exist. The 
following program provides seven measurement 
subprograms and an eighth subprogram that sets up 
the 3468A for the measurement, triggers the 
multimeter, and reads the measurement data to the 
calculator. The seven measurement subprograms 
are used to specify the type of measurement to be 
made and then branch to the eighth subprogram. 


Program Listing 





Hi@L GL "BLOLAS" 

H2eLEL “AVEC 

Ws: "EI" t— Measure Volts DC 

#4 070 BB 

BO4L EL AL | 

He “F? Measure Volts AC 

a7 GTO ee | 

AS#L6_ *H20H! 

Be Es Measure 2-Wire Ohms 

is GTO Be , 

Li4LBL “EaQHR= 

i139 «CZs Measure 4-Wire Ohms 

i} GTO 88 

i4@Lei "RAUG 

— apes 

ae Oe Measure Amps DC 

ié GTO 88 

if@Lel "GAC 

ig "Fé" Measure Amps AC 

19 Gu 88 

SH4LBL "NACH" 

a ee Measure Extended Ohms 
as ré 

f2+LBi Bg 

23 “LeO?{NdT?" Label OO. BU Ane: Auto 
34 MITE Zero on, 4 /2 Digit 
25 TNT Display, Single 
ee, Trigger, Inputs one 
cb RK reading. 

cf ERD 


The subprograms, by label and function are: 


Label Function 


MVDC Measure Volts DC. MVDC, along with 
subprogram OO, sets the 3468A to take 
one dc voltage measurement. 

MVAC Measure Volts AC. MVAC, along with 
subprogram OO, sets the 3468A to take 
one ac voltage measurement. 

M2OHM Measure 2-wire ohms. M2OHM, along 
with subprogram OO, sets the 3468A to | 
take one 2-wire resistance measurement. 
M4OHM Measure 4-wire ohms. M4OHM, along 
with subprogram OO, sets the 3468A to 
take one 4-wire resistance measurement. 
MADC Measure Amps DC. MADC, along with 
subprogram OO, sets the 3468A to take 
one dc amps measurement. 

MAAC Measure Amps AC. MAAC, along with 
subprogram OO, sets the 3468A to take 
one ac amps measurement. 

MXOHM Measure Extended ohms. MXOHM uses 
subprogram OO to set the 3468A to take 
one extended ohms measurement. See 
later example. 


The next three programs show how these 
building block subprograms may be used to simplify 
programming. | 
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Temperature Measurements 

The TEMP program computes the temperature, 
in °C, corresponding to the resistance of a ther- 
mistor. The program has been designed to work 
with thermistors exhibiting a 5.000 kohm resistance 
at 25°C such as a type 44007 (HP part number 
| 0837-0164) or equivalent. 


The program was written for 2-wire resistance 

| measurements which provides accurate results if the 
thermistor is used at a temperature where its 
resistance is much greater than the resistance of the 
test leads. For greatest accuracy from a thermistor, 
a 4-wire resistance measurement should be made. 
To change from the 2-wire mode to 4-wire mode, 
change line 15 to read XEQ “"M40OHM". This pro- 
gram is useful over a range of — 80°C to + 150°C. 


Program Listing 





BieLBL “TEMP 
B82 -6. 768961227 


Label Temperature measurements 





a2 ST9 Bi Conversion coefficients for 

4 Sid, 7187 resistances above 3134 ohms 
a5 STO a2 bey 

86 327,88766 

a7 STO 82 

as -5.992179428 

Ho STO il 

18 4751, 384292 Conversion coefficients for 

4 STO resistances equal to or less than 
12 363, 33183 3134 ohms (36°C) 

is Sit is 

i4 AEG "“INi66*—— Execute Initialization program 
iS AEE “R2OHE"—— Execute measure 2-wire 


ohms from BLOCKS program 


{65¢+LEL "MEAS" 
if is 

1@ ENTERT 
TRIGGER 
TRE 

STi HE 
aeie 


GTu 
REL 
CL 
ROL 
GID 
GeLE. 


Tests for resistance above 
3134 ohms (36°C) 





Get coefficients for 
temperatures 36°C and above 


“ur i 


Pal had ei eet Pa ted CA 
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ai 


crs 


EE to C 


ei 
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tn 


a, fe 7 EI cn cu 


, so fi a 


Resistance to temperature 
conversion 


*,, 


“af Oh CT) Re fad Pome OR adr oo om os 


hed fed fad taf fed fad 


Ce 
ay 
sa 
a 


a 


1 


fe. Ee. 
Ch 


- Get coefficients for 
STG #8 


wah temperatures below 36° 
rine e 
> = 1 
43 RCL 8 
ane 
"F DEG C* 
46 OUTR 


44 HECL & 
45 

47 €Tf “HEAS" 
4¢ ERB 


ml 


Display temperature 
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1dBm Measurements 


The dBm program is used to calculate power 
using a 50 ohm impedance as the reference. The 
dBm equation is: 

dBm = 10*LOG((X*/R)/1mW) 
where X is the measured voltage, R is the reference 
Impedance (50 ohms) and 1 mW is the 0 dBm 
reference, 


The dBm value is displayed on both the 3468A 
display and the HP Model 41C/CV. Notice the use of 
subprogram MVAC in line 04. 


Program Listing 


ALeLBL “TBH 





Label dBm Measurements 





A? REQ "INI68"—— Execute Initialization program 

BA+LBL He 

Hd SEG “RYAC" Execute MVAC from 
BLOCKS program 

DBM 


PROGRAM REGISTERS NEEDED: 10 


ROW 1 (1: 2) 











yt 


ay 


16 ARCL & 


ae he 


Leal oS es Ta OO Oo 
“a, 


— Be Bee eee ee ET 


‘1 pe 


LOG Calculate dBm 
18 

¥ 

FIA e 
EHD 

oh ee 





Display dBm on 3468A 


i? “- DBR" 


13 GUTA 
i9 CLA 

24 ARCL & 
ei "bt dBR* 
f2 AYIER 


Display dBm on calculator 





23 G70 8a 
fa ERT 
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Extended Ohms 


The extended ohms feature of the 3468A is 
available only via the F/7 remote programming com- 
mand. With extended ohms, the 3468A can be 
used to measure resistances in excess of 30 
Mohms. When in the extended ohms mode, the 
| 3468A goes to the 30 Mohm range, 2-wire mode. 
An internal resistance of approximately 10 Mohms 
is placed in parallel (internally) with the input ter- 
minals. If this resistance is measured first and then 
your unknown resistor connected to the input ter- 
minals, the parallel combination can be measured. 


A calculation can then be performed to determine 
the approximate value of the unknown resistance. 
The formula for the calculation is: 
R, = Rj a Rt 
R; — Rt 
R, is the unknown resistance, R; is the measured 
value of the internal 10 Mohm resistor and R; is the 


measured value of the parallel combination. The test 
leads used should be very short, preferably a shield- | 


ed twisted pair, to minimize noise pickup. 








@ 





e 





A program to make the necessary measure- 
ments, perform the calculations, and display the 
value of the unknown resistor is given below. Follow 
the instructions displayed on the HP Model 41C/CV. 
First it will indicate: OPEN TERMS. This means to 
remove the test leads from the 3468A. When the 
message—APPLY RESIST.—appears, connect the 
unknown resistance to the 3468A. The value of that 
resistance will be displayed on the calculator. Notice 
the use of MXOHM subprogram in lines 05 and 11. 
Continue the program after the prompts with the 
RUN/STOP key on the 41C/CV. 


Program Listing 








#iéLoL "PS0HR Label — Display Extended Ohms 
#2 abi “INTBe* Execute Initialization program 
#2 "OPEN TERNS." 
Aid PRORPT Measure internal 10 Mohm 
a5 YEG “MZOHM- resistor, use MXOHM from 
eee oa BLOCKS program 
sO 18 | Store inverted value in Reg. OO 
ay STU 88 
@& =p0R1yY eFoTsT. =) Measure parallel resistor 
44 PROMPT combination 
ipelPL af Use MXOHM from BLOCKS 
11 EQ “MXOHN= §=__] PrOSFam 
DXOHM 


PROGRAM ee NEEDED: 16 


ROW 1 








ie Aaa? 

ig LY #2 

id 1/8 Calculate value of unknown 
i3 REL BB resistor 

os 

Lf Rite? 

is Lil 8 

19 17% 

ee § oh 

a7 


reelee He 
23 Fle zZ 
c4 RHE 


25 CLA 


Calculate value of unknown 
resistor 


36 GPCL ¥ 


27 “F MUHA" 


— Display value of resistor 
co H¥TES 

29 G70 #1 
aH¢4LBL Ba 

i “OYERLOAD" 
32 AYIE# 

34 GTO al 

34° END 


Display if overload 
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Statistics 


The STAT program computes four statistical 
values for a set of measurements made by the 
3468A. The values of mean, standard deviation, 
/minimum and maximum are displayed on the 
3468A. This program may be used for any 3468A 
measurement function. The program does not have 
provisions for setting the 3468A to your desired 
measurement function, range, etc. You must either 
do this manually from the 3468A front panel, or 
modify line 03 to specify the function, range, etc. 
Remember that the T2 command must be the last 
command in the string. 


Connect the first device to be measured to the 
3468A, then start the program: 


STAT 


The first device will automatically be measured. 
When the 3468A displays S.TRIG— SRQ, connect 
the second device to be sampled and press the 
single trigger (SGL TRIG) key on the 3468A. For 
each measurement, the 3468A will display the 
reading and send the result to the calculator. The 
3468A will then again display S.TRIG— SRQ. 
Remove the second device from the 3468A and 

| connect the third device. Again, press the 3468A 
SGL TRIG key. Continue in this manner until all 
devices have been tested. At that time, press the 
3468A SRQ key (instead of the single trigger key) 


to begin the analysis of the measurements. First, the 
3468A will display the number of samples or 
devices tested: 

N= XXX.0000 


Press the 3468A’s SRQ key. The 3468A will 
momentarily display the word "MEAN" and then 
display the calculated mean value. 

MEAN 

XXXXXXX 
Press SRQ@ again. The next value displayed is the 
standard deviation. 

STANDARD DEV. 

KXXXXXX 
Press the SRQ key again to display the minimum 
value measured, 

MINIMUM 

XXXXXXX 
Press the SRQ key again to display the maximum 
value measured. 

MAXIMUM 

XXXXXKK 
Pressing the SRQ key again causes the program to 
prompt with the display: 

SRQ= RESTART 
This means to press the 3468A SRQ key one more 
time to restart the statistics program for new data. 





| Program Listing 


,#le*Lel “STAT™ 
He AER “INT63° 





Label! statistics 





| Execute Initialization program 


i 3 =i" 

9 aaa Set 3468A for Single Trigger 
#5 EPEG ii Registers 1 1— 16 are used for 
| 46 CLE statistics 

4/7 9 £9 

aS STO a8 Upper and lower measurement 
ag cus limits 

ig STG al 

ii CLA 

iZ4L6L a8 





id "O28. TRIG-SkO° 
if QUTR 

Pia LOCAL 

1o5#L6L Bi 
i? INSTAT 
ig FG? 84 
19 GTd Be 


Display message and set 
3468A to local mode 





Input status byte 


joie If flag 4 (SRQ) is set, go to 
LBL 02 (line 34) 


26 Cro o lf data is ready (flag OO clear) 
| i FC? HA : ; 

Pe ee proceed to line 22, if not, go 

él GTO #1 to LBL O1 (line 16) 

ce IMD ‘Input reading and increment 

ed Et Reg 11 





24 PCL He 

2a LASTS 

26 AQT? 

27 STO aA Test reading in case of 

29 BCL Al ee upper and lower 
29 XOY yeS 

SH ADT? 

31 S70 8 

se Rt Roll up and store reading 





43 G70 88 Go to LBL 00 (line 12) for 


next reading 





SRQ@ key pressed, all samples : 
taken 


Display number of samples 
(lines 67-73) 


Calculate and display mean 
value (lines 65— 76) 


S44LBL 82 


35 “D2H=" 
26 ARCL 16 
37 REQ a4 
38 “DEMEAN 
39 QUT 

49 “D2 

44 MEGH 

42 ARCL ¥ 
43 269 83 


20 








44 “D2STANDARD 





49 UUTH 

46 "D2" Calculate and display standard 
4? SHEY deviation (lines 65— 76) 

a2 AREL A 





Si ~D2MINTNUM 


Si OUTER Calculate and display 
5? “pio minimum value (lines 65— 76) 
53 ARCL BA 


34 REG Aa 

30 “D2MARTMUR™ 
36 OTR 

of ges 

ge HREL Bf 


59 AEG 83 


Calculate and display maximum 
value (lines 65— 76) 





BB "DASRQ=RESTHRI* 
| bl AER Ba If SRQ key pressed, start over 
162 FS? 84 (lines 67— 76) 
o3 GTO "STHT" 
64 GTO Ba 
BaeLbl Be 
66 PSE 
B7¢+LEL 84 
be CUTE Pause (line 66) 
| 59 LOCAL | Output message (line 68) 
PA4LBL 85 Enable 3468A keyboard 
@ 71 INSTRT (line 69) 
pr2 FS? 84 Input status (line 71) 
173 RTH SRQ flag set test (line 72) 
74 £9? GP Data Ready flag test (line 74) 
73 RTH 
76 GTO #5 


ji? ERD 
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Data Logger 

The following data logger program (LOGGER) 
illustrates the power and flexibility of an HP-IL 
system. The program takes 10 sets of 10 readings 
each, for a total of 100 readings, and stores them 
on a cassette tape for future reference. The program 
can easily be enhanced by adding a linearization 


| routine between lines 15 and 16. An example of 


linearization is the previous program where the 
resistance of a thermistor was converted to a 

temperature. In this way, temperature measure- 
ments rather than resistance measurements are 


| stored on the tape. 


The program READ demonstrates how easily 
data can be read from the cassette tape and listed 


| on a printer. Again, this program can be enhanced 
| by adding a routine to plot the data on the printer. 


Of course, the data can also be printed or plotted as 
the measurements are being taken in the LOGGER 
program. 


Running the LOGGER Program 


Make certain that the interface loop connec: 
tions have been made between the 3468A 
multimeter, 41C/CV calculator, 82161A digital 
cassette drive, and the 82162A printer. Turn all of 
the devices on. 


Before data can be stored on the cassette tape, 
the tape must be initialized. This is done by ex- 
ecuting the NEWM command (NEW Medium). Refer 
to the HP-IL Owners Manual. 


NEWM 100 


Line Q3 executes the MVAC subprogram. This 
can be changed to suit your needs. Deleting the line 
entirely gives you the freedom of setting the 3468A 
manually as often as needed. When the device to be 
tested has been connected to the 3468A input ter- 
minals and you are ready to begin, execute: 


LOGGER 


How the Program Works 

Space for storing the 100 readings must be 
allocated on the cassette tape. This space (or file) is 
created and given the name DATA in lines 04, 05, 
and Q6. Lines 07 and O08 are used to return to the 
beginning of the DATA file on the cassette for data 
storage. 

Register OO is used as a loop counter to take 
10 sets of readings. The value 1.010 is STOred into 
Register OO (lines O09, 10) and is incremented and 
tested in line 22. 

Register Q1 (lines 12, 13) also acts as a loop 
counter, but counts 10 readings per set (Register 


| 00). The value 11.020 stored into register 01 


specifies registers 11 through 20 as temporary 
storage registers for the measurement data. Line 15 
triggers the 3468A and line 16 inputs the results. 


|Line 17 stores the data in the register pointed to by 
| Register O01. Register O1 is incremented after each 


reading to point to the next empty register in line 
18. 


23 


Register O1 is also tested in line 18. Remember 
that program line 12 specified Register 20 as the 
last register to be used. If Register 01 points to 
register 21, then the program prepares to store the 
10 readings on the cassette. Line 20 calls out 
register 11 through 20 as data storage registers. 
The WRIRX command (line 21) writes the data 
from the storage registers to the cassette tape. 


Register OO is tested in line 22 to see if 10 sets 
of 10 readings each have been made. If not, the 
program loops back (line 23) to label 01 (line 11). 
When 10 sets of measurements have been made, 
the program ends. 


Program Listing 
HIi4LBL “LOGGER Label Logger 


#2 #E9 “INI68*— Execute Initialize program 
a3 XEQ “KYAC" 








H4 “SATA 

#3 188 Set up DATA file on cassette 
Hh CREATE tape 

HY 6 

45 SEERR Set up loop counter for 10 
AGS 1,818 sets of readings 

if STO 8H Set up register 11 to 20 to 
1ieLBL Ai store readings 

i? 11.028 

i3 STG al 

144i Bi a? Trigger the 3468A, input 
‘5 TRIGCER reading and store 

ib IND 

if STO IND 81 If 10 readings taken go to 
is [56 i line 20, else go to line 14 
19 GIG #2 Store 10 readings on 

eB 11.82% cassette tape 

el BRIRS End if 10 sets of readings 
49 [or Op have been taken, elso go to 
23 GTO at net 

24 EHD 

AL4LBL “READ” Label READ 

H2 “DATA 

az g Find beginning of DATA file 
ad SEEER on cassette tape 

#5 1.818 Set up loop counter for 10 
A6 STO @8 sets of readings 

B74+LEL Bi 

89 11,829 Read one set of 10 readings 
89 READRA 

B Lhe z 

ee 

i? ISG aa End if 10 sets have been 
iz CTA al read, else go to line 07 


14 ERD 
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3468A HP- IL Command Codes 









(The ope are also found on the under 
side of the 3468A) 













Range Codes 


R2 R3 R4 RS RA 
Autorange | 







Function Code 





DC Volts | 
AC Volts F2 

2-Wire Ohms F3_ 
4-Wire Ohms F4 

DC Amps  F5. 
AC Amps F6 }300mA]3 A 
Extended F7 j(default 
Ohms 




















*Indicates an invalid combination of Function and Range codes. 





Other Program Codes: 


Le 
0,1 






















Description Example. 












| N3 selects the 342 digit display mode 
T1 selects internal trigger, T2 selects single 
| ZO turns Auto Zero off 


Selects the number of d digits of display 










| Trigger Mode: Internal, Single 

} Auto Zero mode: off, on 

Calibrate (see 3468A Service Manual) 
Display mode: Normal, Text 








1,2 D2text displays the message “text” on 


the 3468A display 
MO1 sets the 3468A for data ready SRQ 

















| Ote 77 
(octal) 


| Set SRQ@ mask to octal value bb. This sets the 
lower 6 bits of mask. The Mbb command is 
executed as sent. Therefore, if the second "b" 
is not sent, bits 3 to 6 are set by the “b” that is 
received. 


Binary Status. The 3468A, if it is addressed to talk immediately after receiving the Bi 
}command, will output its five binary status bytes. This command also clears the error register 
} (byte 4). The meaning of the bytes is as follows: 




















Byte 1: Function, Range, Number of Digits 


Octal value of bits 7.6.5 | DC Volts 

2 AC Volts 

3 2-W Ohms 

4 4.W Ohms 

5 DC Amps 

6 AC Amps 

? Extended Ohms 


| Range R1 
2R2 
3 R3 
4R4 
5 R5 
6 R6 


QO invalid 

1 BYe digit 
2 4 digit 
3 3¥2 digit 





ttt wt wb Ww 









Octal value of bits 4.3.2 





Hunt wt wu 








Octal value of bits 1,0 






toil 






Hl 







25 











DC VOLTAGE _ 





Specifications and Accessories 


Input Characteristics: 


Siz digit [as digit 31/2 digit | 


Maximum 
Reading 
(51/2 digit) 


+ .301000 V | 
+ 3.01000 V | 
+ 30.1000 V | 
+ 301.000 V 


Input Resistance: 


3 V, 3 V ranges: >10'°2 
30 V, 300 V ranges: 1OMQ + 1% 


Maximum Input Voltage: (non-destructive) 


Hi to Lo: 301 Vrms or 450 V peak 
Hi or Lo to Earth Ground: + 500 V peak 


Measurement Accuracy: 
+(% of reading + number of counts) 


Auto zero ON. 


51/2 DIGIT MODE: 


90 Day 


Q.005 + 4 |0.009 + 5 


0.0035 + 2 |0.007 + 2 
| 0.005 + 3 {0.009 + 3 
| 0.0055 + 2 |0.009 + 2 





41/2 AND 31/2 DIGIT MODE: 
Accuracy is the same as 5/2 digit mode for % of 
reading; use 1 count for number of counts. 


*Tca is the temperature of the environment where the 3468A 


was calibrated. Calibration should be performed with the 
temperature of the environment between 20°C and 30°C. 


Auto Zero Off: 


(52 digits) For a stable environment (+ 1°C) for <24 
hrs., add 11 counts to accuracy specification for .3 V 
and 30 V ranges, 3 counts for 3 V and 300 V ranges. 


3468A Accessories © 


4ccessory Number Description 


10023A 
11096B 
34111A 
34118A 


34110A 
B2167A 
Option 910 


| |!emperature Probe 
RF Probe 

High Voltage Probe 
| Test Lead Kit 


Soft Vinyl Carrying/Operating Case 


HP-IL Cable (0.5 m) 








Temperature Coefficient: 
O° to 55°C, 5'/2 digits, auto zero ON. 
+(% of reading + number of counts)/°C 


Temperature Coefficient | 





We oO 0.0008 + .5 
| 3 V, 300 V 0.0007 + .05 
Noise Rejection: 


In dB, with 1 kQ imbalance in Lo lead. AC rejection for 
50, 60 Hz 0.1%. Auto zero ON. 


ct 3 
eS 





a 


Reading Rates: (readings/sec) 


MAXIMGM READING RATE WITH HP 85A: 


Line Auto Resolution 
pan Zero |3}/2 ae 41/2 digits” i digs | 





MAXIMQGM READING RATE WITH 41CV: 

2 readings/sec 

First reading is correct when triggered coincident with 
step input. 


splay F Rate: (readings/sec) 





For 50 or 60 Hz operation 


Additional Operators Manual (03468-90000) 
and Service Manual (03468-90001) 





RESISTANCE (2-wire Q, 4-wire 0) 


Input Characteristics: 2-WIRE OHMS ACCURACY: Same as 4-wire ohms, 


ass dace cea except add a maximum of 100 mQ offset 
_Resolution Auto Zero Off: 


(5¥2 digits) For a stable environment (+ 1°C) for <24 
hrs., add 11 counts to accuracy specification for 300 2 
range, 3 counts for 3 kQ through 300 kQ ranges, 8 


counts for 3 MQ range, and 33 counts for 30 MQ range. 













Maximum 
Reading 
(5!/2 digit) 
300 © |301.000 | 
3 kQ |3.01000 kQ | 
30 kQ | 30.1000 ko | 
300 kQ {301.000 kQ . 100 | Temperature Coefficient: 
3 MQ |} 3.01000 MQ O° to 55°C, 52 digits, auto zero ON. 
30 MQ 130.1000 Ma +(% of reading + number of counts)/°C 


Temperature Coefficient 
















































Input Protection: (non-destructive) 





















Hi source to Lo source: +350 V peak 300 2 0.0009 + 0.5 
Hi sense to Lo sense: + 350 V peak }3 kQ—300 k0 0.0009 + 0.05 
Hi or Lo to Earth Ground: + 500 V peak 3MoQ | 0.0021 + 0.05 










30 MO 0.021 + 0.05 






Measurement Accuracy: 
| +(% of reading + number of counts) 
Auto zero ON. 5'/2 digit display. 4-wire ohms. 


300 2 0.004 + 4 0.017 + 5 
3 kQ2—300 kO|0.004 4+ 2 0.016 + 2 
3 MQ 10.005 + 2 0.016 + 2 
30 MQ 0.036 + 2 0.078 + 2 






Current Through Unknown: 


[mA |T mA]100 #A[TO «A [1 #A [1002 


Maximum Open Circuit Voltage: 6.5 V 




































Maximum Reading Rates: 

Same as dc volts except for 3 MQ and 30 MQ ranges. For | ~ 
3 MQ range, add 20 ms; for 30 MQ range, add 200 ms_ | 
per reading. 













AC VOLTAGE (true rms responding) 
Input Characteristics: Auto Zero Off: 
3 : (52 digits) For a stable environment (+ 1°C) for <24 
Maximum hrs., add 10 counts to accuracy specification for all 
Reading ne ranges. 
(5'/ Digit) 


.301000 V Temperature Coefficient: 
3.01000 V O° to 55°C, 5% digits, auto zero ON. 
| 30.1000 V | For frequencies <20 kHz, + (0.016% of reading 
eae + 10 counts)/°C 
sO Oees For frequencies <20 kHz, +(0.04% of reading 
+ 10 counts)/°C 





Input Impedance: 1 MQ + 1% shunted by <60 pF 
Crest Factor: 

Maximum Input Voltage: (non-destructive) >4:1 at full scale 

Hi to Lo: 301 Vrms or 450 V peak 

Hi or Lo to Earth Ground: + 500 V peak Common Mode Rejection: 

With 1 kQ“ imbalance in Lo lead, >70 dB, dc to 60 Hz 

Measurement Accuracy: 

+ (% of reading + number of counts) Maximum Reading Rates: 

Auto zero ON. 5/2 digit display. Accuracy is specified for First reading is correct within 70 counts of final value 

sinewave inputs only, >10% of full scale. when triggered coincident with step input. Add 0.6 

1 Year, Tea) +5°C. seconds for each range change. 


REMOTE CONTROL AND DISPLAY RATE: 
Frequency For 50 or 60 Hz operation, auto zero ON or OFF, 


20-50 Hz 1.144 163 | 1.144 102 | 1.184 102 3¥2 or 4% digits: 1.4 readings/sec 
50-100 Hz 0.46 + 163 | 0.46+ 103 | 0.5 + 102 5/2 digits: 1.0 readings/sec 
| 100 Hz—20 kHz|0.29 + 163 | 0.26+ 102 | 0.33 + 102 

20—50 kHz 0.56 + 247 | 0.41 + 180 | 0.55 + 180 ee 
50-100 kHz 1.74 + 882 | 1.05 + 825 | 1.26 + 825 oe @ a 


100 k- 300 kHz 10.1 + 3720 
(30 V range only) . | 


DC CURRENT 
Input Characteristics: Auto Zero Off: 
Nascar (52 digits) For a stable environment (+ 1°C) for <24 
Reading Resolution hrs., add 11 counts to accuracy specification. 
Range | (5%/2 digit) | 5'/2 digit | 41/2 digit neers 
) 3 Temperature Coefficient: 
+ 3.01000 A 100 pA 0° to 55°C, 5% digits, auto zero ON. 


+ (0.012 of reading + 0.5 counts)/°C 


Maximum Input: (non-destructive) 
3A from <250 V source; fuse protected Maximum Burden at Full Scale: 


1V 
Measurement Accuracy: 
+(% of reading + number of counts) Maximum Reading Rates: 
Auto zero ON. 5¥2 digit display. Same as dec volts 


Range 90 [90 Days | ai veer | Year 


i3A,<1Ainput | 0.14 + 6 | 0.17 + 6 

3 A, ZA A input LO) + 30; 110) 30 
AC CURRENT (true rms. responding) . 
| Input Characteristics: Auto Zero Off: 


T Maxi . (5\/ digits) For a stable environment (+ 1°C) for <24 
Reading hrs., add 10 counts to accuracy specification. 
Range (53/2 digit) BAS digit Ae digit 3}/2 digit Temperature Coefficient: 
JA 301000A 1 nA 10 nA | 100 uA O° to 55°C, 5'/ digits, auto zero ON. 
3A 3.01000A 10 vA | 100 pA 1 mA +(0.021% of reading + 10 counts)/°C 


Maximum Input: (non-destructive) Maximum Burden at Full Scale: 
3A from <250 V source; fuse protected Ly 





|Measurement Accuracy: Crest Factor: 
+(% of reading + number of counts) >4:1 at full scale 


Auto zero ON. 52 digit display. Accuracy specified for E , 
sinewave inputs only, >10% of full scale. Maximum Reading Rates: 


Same as ac volts 
1 Year, Tcay +5°C 


| Frequency 


20-50 Hz 
50-1 kHz 
1 k—10 kHz 
10 k—20 kHz 





GENERAL INFORMATION __ . - 


Operating Temperature: 0 to 55°C Power: AC Line 48— 440 Hz; 86-250 V, 
(see configuration) 
Humidity Range: 95% R.H., 0 to 40°C 
Battery: (Option 001) Rechargeable lead-acid; minimum 
Storage Temperature: — 40°C to 75°C; continuous operation for 5 hours at 25°C; recharge 
except for battery option, — 40°C to +65°C time is 16 hours with 3468A off and 36 hours with 
3468A on. 
Warm-up Time: | hr. to meet all specifications 


Maximum Power: 13 VA 


| Integration Time: 


ai Size: 98.4 mm H x 238.1 mm W x 276.2 mm D 
Number of Digits 50 Hz | 60Hz | (3.88 in H x 9.38 in W x 10.88 in D) 


|200 ms Weight: 
20 ms | 16. 3468 — 2,1 kg (4.63 lbs.) 
2 ms : n 3468A with Option 001 — 3,1 kg (6.83 Ibs.) 





, .o 





3468A HP-IL Command Code Quick Reference Guide 


(The command code are also found on the under side of the 3468A.) 


RA 
_ Autorange 


Function Code 


DC Vol ts 
AC Volts 


oo SY 


2-Wire Ohms F3 300 Q 
'4-Wire Ohms F4 300 2 


DC Amps 

AC Amps 

Extended 
Ohms 


F5 3k | 
F6 | 300 mA 
F7 | (default 


range) 
10 MQ/Rx 


| *Indicates an invalid combination of Function and Range codes. 


Other Program Codes: 


| Selects the number of digits of display 


1,2 


Oto 77 
(octal) 


"Description 


Trigger Mode: Internal, Single — 


| Auto Zero. mode: off, on 
| Calibrate (see 3468A Service Manual) 


Display mode: Normal, Text 


| Set SRQ mask to octal value bb. This 
sets the lower 6 bits of mask. The Mbb 
/command is executed as sent. 
| Therefore, if the second "b” is not — 
|sent, bits 3 to 6 are set by the b" 
that is received. 


| | Binary Status | 








G 


Ecomole 


| N3 selects the 32 digit displ ay mode 
T1 selects internal trigger, T2 selects single 
| ZO turns Auto Zero. off 


| D2text displays the message "text" on 


the 3468A display 


MO!1 sets the 3468A for data ready SRQ 


HEWLETT 
PACKARD 


For more information, call your local HP Sales Office or nearest Regional Office: * Eastern (201) 265-5000: « Midwestern (312) 255-9800; * Southern (404) 955-1500; « Western 
(613) 970-7500; © Canadian (416) 678-9430, Ask the operator for instrument sales, Or write Hewlett-Packard. 1501 Page Mill Road, Palo Alto, CA 94304. In Europe: Hewlett-Packard 
S.4.. 7, rue du Bois-du-Lan, P.O. Box. CH 1217 Meyrin 2, Geneva, Switzerland. In Japan: Yokogawa-Hewlett-Packard Ltd., 29-21, Takaida-Higashi 3-chome, Suginami-ku. Tokyo 168. 


Printed in U.5.A. 


Data Subject To Change 


5953-6902 


